Indonesian Technical Implementation Unit (UPT) of Synthetic Rainfall has modified climate by generating synthetic rainfall from 9 th May until 4 th June 2013. This unit has cooperated with the Department of Technological Study and Application (BPPT) of Indonesia and Perum Jasa Tirta I and TNI AU Lanud Abdulrachman Saleh. This study intended to increase reservoirs water level in upstream Brantas watershed, one of them is Sutami reservoir. Successive grade evaluation of synthetic rainfall used the method of Double Ratio and Flow Discharge. The target area is upstream Brantas watershed that is represented by 12 rainfall stations and the control area is in the distance of ±30 km from the boundary of upstream Brantas watershed and is represented by 5 rainfall stations. Results show rainfall increasing by 152.05% according to the Double Ratio method and the increase of flow discharge from Sutami reservoir by 74.19% according to the Flow Discharge method.
INTRODUCTION
Drought is one of the most important natural hazards which is presented a serious problem mainly for human societies and ecosystems [KHEZAZNA et.al. 2017] . The longer dry season causes drought disaster [ARAGHINEJAD 2011; KALYANAPU et al. 2009] in Indonesia. Significant decrease of precipitation causes the disruption of natural ecosystems and trouble with water management [BĄK, KUBIAK-WÓJCICKA 2017] . Drought gives the impact on the decreasing of water level elevation in some reservoirs [VANGELIS et al. 2011] which are managed by Perum Jasa Tirta I, East Java Province of Indonesia. One of the reservoirs that are decreasing of water level is Sutami reservoir on 2013. However, although there has not started on dry season but the inflow in Sutami reservoir is on the number of 75.5 . The water level elevation of Sutami reservoir has not sharply decreased, but Perum Jasa Tirta I is remained to target the increasing of water level elevation before the peak of dry season. Some efforts have been carried out by the government for anticipating the problem; one of them is to apply the technology of synthetic rainfall.
Technology of synthetic rainfall has been carried out several times in Indonesia. However it still becomes as a problem about the dropped rainfall. Evaluation of the synthetic rainfall is carried out for knowing the comparison between rainfall depth on the synthetic rainfall period and natural rainfall which is estimated dropping if there is no synthetic rainfall activity or to compare the direct flow volume during the synthetic rainfall activity. To evaluate the rainfall, the measuring result of rainfall is carried out during the synthetic rainfall takes place and it is as the total rainfall such as the amount of natural rainfall and the result of synthetic rainfall which both of them have been mixed. The synthetic rainfall activity is carried out by the Technical Implementer Unit (UPT) of Indonesia which has corporates with the Department of Technology Study and Application and the institution of Perum Jasa Tirta I and TNI AU Lanud Abdurachman Saleh-Indonesia on 9 th May until 4 th June 2013. Result of the synthetic rainfall showed that there was depth increasing of water level in Sutami Reservoir of 1.19 m and it was increasing the inflow volume of 131,718,528 m 3 . This study intended to know the increasing level of rainfall on upstream Brantas watershed after applying the synthetic rainfall activity. The methodology is using the Double Ratio method for evaluating the rainfall increasing and Flow Discharge method on Sutami reservoir for evaluating the flow increasing due to the synthetic rainfall from 9 th May until 4 th June 2013.
MATERIALS AND METHODS
Brantas watershed in East Java Province of Indonesia is as an area where has strategic value. River water in Brantas watershed is used for some demands such as irrigation, domestic water for Regional Manufactory of Drinking Water (PDAM), industry, hydro electrical power (PLTA), fishery, flushing, and recreation. Area of Brantas watershed is 12,000 km 2 which includes less than 25% of East Java Province with the potency of water resources is ±12 billion m 3 per-year. The upstream Brantas watershed has variety of topography beginning from plain until mountains. This condition reflects that there is the variety of environent such as relief, micro climate, type and age of material. Material, relief, micro climate, age and vegetation are as the main factors of soil formers. Plain area is found on the area with the height <800 m. Area with flat and rather flat are many used as the agricultural plantation area for seasonal commodity and horticulture which is intensively managed throughout the year. The hills area is found in the height range from 800 m until 1,000 m. Sumber Brantas Watershed is one out of sub catchments of the Upper Brantas River, situated in Batu District, East Java, Indonesia and covering an area about 174 km 2 Recently, the hydrology of the watershed was considered to be degraded in terms of the quality and quantity of water yield. Fast floods were more often during the rainy seasons, while droughts were more severe during the dry seasons. Much spring water dried out in the dry seasons and two-third of them dried out permanently in the last decade. The condition was often related to the rapid change of land use in the watershed. The natural forest and agroforestry gardens were converted into rain fed agriculture. Analysis on land sat images from 1989 and 2002 showed that 3.702 ha of natural forest and 1.153 ha of agroforestry gardens has disappeared. Further analysis showed that the area of rain fed agriculture, settlements and shrubs were increasing during that period. This most likely related to the socio-economics conditions of local community as well as the variability of stakeholders perception in best watershed management planning and practices The upstream Brantas watershed is as the target area of synthetic rainfall and it is as part of Brantas watershed with number area of 2,100 km 2 and there are 3 reservoirs in it such as Sengguruh, Sutami, and Lahor. Figure 1 presents the flight target and control area of synthetic rainfall operation. Figure 2 illustrate the position of rainfall station in target and control area.
The supporting data which are needed in this study are as follow. Data analysis in this study is carried out into some steps. The first step is hydrological analysis [ASDAK 2010] and the next step is success grade evaluation of the synthetic rainfall. However, the steps of hydrological analysis are as follow. 1. To collect daily rainfall during the process of synthetic rainfall such as from May to June 2013. 2. To analyse maximum regional mean rainfall by using Arithmetic method [HARTO 1993; SOEMARTO 1987; SOSRODARSONO 1983] . 3. To evaluate the success grade of the synthetic rainfall by using the methods of Double Ratio and Flow Discharge.
The steps of evaluation grade on the synthetic rainfall by using Double Ratio method are as follow. 1. To collect daily rainfall during the activity process of synthetic rainfall such as from May to June 2013 for target and control area. 2. To collect historical daily rainfall from May to June, 1991-2010 for target and area control. 3. To estimate rainfall in target and control area. 4. To analyse historical regional mean rainfall for target and control area by using Arithmetic method [HARTO 1993; SOEMARTO 1987; SOSRODARSONO 1983] . 5. To analyse the difference between actual and estimation rainfall each in target and control area. The steps of evaluation grade on the synthetic rainfall by using Flow Discharge method are as follow: 1. To collect inflow data of Sutami reservoir during the activity process of synthetic rainfall such as from May to June 2013. 2. To collect historical inflow discharge of Sutami reservoir during the activity process of synthetic rainfall such as from May to June, 1991 June, -2011 3. To analyse the base flow for historical inflow which is obtained from historical inflow of Sutami reservoir from 1991 to 2011 and from actual inflow 4. To analyse the historical and actual direct flow volume. 5. To analyse the difference and deviation between historical and actual volume of direct flow when the activity of synthetic rainfall. Synthetic rainfall is as an innovation which is created in order to accelerate and to increase the rainfall. There is needed cloud with high water content and slow wind velocity for making the synthetic rainfall. The synthetic rainfall is made by sowing the hygroscopes materials [BELYAEVA et al. 2017] . The particles can increase number of water particles in the cloud and accelerating the happening of rainfall. Condensation process is happening on the particles that have low pH (acid). The selection of good salt is also as the important function in increasing the condensation process in the cloud.
Salt which is generally used is NaCl (sodium chloride) and CaCl 2 (calcium chloride). The salt has good enough hygroscopes value and easy to be obtained. Type of Cumulus cloud is a good cloud as the media for making the synthetic rainfall. The characteristic of Cumulus cloud is the performance with the col flower form with the condition is not higher than 5,000 feet and the peak is higher than 11,000 feet. Table 1 presents the process of synthetic rainfall making. In the activity of synthetic rainfall which was carried out by Technical Implementer Unit (UPT) of synthetic rainfall, sowing materials were released in the cloud. Based on the activity experience in field, for number target area of 3.500 km 2 is generally looked on 5-6 clouds with medium size due to the potency criteria that is determined by Mission Scientist on board with single organization or 2-3 big clouds with embedded or complex organization. There are 800-1000 kg of sowing materials taken on every flight, are sown into the cloud. The sowing material will be exhausted in 15-20 min or in the average is 50 kg·min -1 . Analysis of Double Ratio is as the comparison between the ratio between rainfall in target and control area in the range time of cloud sowing and no sowing in the same time. The method intends to know the increasing grade of rainfall by missing or decreasing the variety of available natural rainfall when the implementation of synthetic rainfall. Effect of sowing is assumed positive if the value of DR >1.
The estimation of rainfall in control area uses the regression equation. Control area is as an area which has the distance about 30 km from the boundary of target area. The relation between rainfall in target and control area is evaluated by statistic and has to have a close correlation (r > 0.7). The formula of this method is as follow [BELYAEVA et al. 2011] :
where: DR = value of Double Ratio; DR (%) = rainfall increasing, %; (T/C) a = ratio of rainfall target and control area on the range time of cloud sowing; (T/C) us = ratio of rainfall target and control area on the range time of not cloud sowing.
Method of flow discharge uses the ratio between flow discharge when there is the activity and no activity of synthetic rainfall. Estimation of flow discharge when there is no synthetic rainfall activity is using the historical data and hydrological model. The increasing grade of flow discharge is as follow [BELYAEVA et al. 2017] :
where: R = grade of flow increasing, m 3 ; Q HB = discharge when there is synthetic rainfall activity, m 3 ; Q A = discharge when there is no synthetic rainfall activity, m 3 .
RESULTS AND DISCUSSION
This study used 12 rainfall stations in target area and 5 rainfall stations in control area. The close correlation between both of them enables the predicted rainfall which is happened in control area is as the happened rainfall in target area if there is no synthetic rainfall activity. Table 2 and 3 present the location of rainfall stations which represent the target and control area. Data which is used in this study comes from 12 rainfall stations in target area and 5 rainfall stations in control area. There is closely relation between both of them and it gives the possibility that the predicted rainfall in control area is as the happening rainfall in target area if there is no synthetic rainfall. Table 4 and 5 present the correlation between historical rainfall in target and control area. Source: own study.
Analysis of correlation uses the linear regression such as by comparing the historical rainfall data during 21 years before the synthetic rainfall activity in target and control area. Result shows that there is close relation between both of them with determination coefficient: R 2 = 0.91 and correlation coefficient R = 0.96. Rainfall data which is used for finding the mean rainfall in target area is data of 9 th May-4 th June 2013 when the process of synthetic rainfall. The mean of rainfall in the target area when the activity of synthetic rainfall is carried out, is presented in the Table 6 .
Rainfall data which is used for finding the mean rainfall in control area is data of 9 th May-4 th June 2013 when the process of synthetic rainfall. The mean of rainfall in control area when the activity of synthetic rainfall is carried out, is presented as in Table 7 . Source: own study.
The result is at least partially by natural variation of rainfall in the target and control area. However, the result is used as the rainfall of control area when the cloud sowing by using Double Ratio method. However, analysis of historical rainfall intends to obtain mean of historical rainfall on 9 th May to 4 th June in target and control area. Mean historical rainfall which is used in this study is from 1991 to 2011. The result is used for analysing the rainfall increasing by using Double Ratio method.
Mean of area target on 9 th May to 4 th June is 68.32 mm and in control area is 77.93 mm. This result is used for analysing the rainfall increasing by using Double Ratio method when there is no cloud sowing.
Model of rainfall estimation on May and June 2013 is built by using linear regression due to the historical data in target and control area on May-June 1991 -2011 . Result of analysis shows that total of rainfall when the process of synthetic rainfall (9 th May to 4 th June 2013) is 112.95 mm. Table 8 presents the recapitulation of rainfall in target and control area. Analysis of synthetic rainfall increasing based on the Double Ratio is as follow: Result of analysis shows that the rainfall increasing due to the synthetic rainfall is 152.05%. The evaluation is due to the Flow Discharge method by using historical inflow discharge of Sutami reservoir during 21 years such as from 1991 to 2011, because during the 21 years there is no activity of synthetic rainfall so it can be concluded that the happening rainfall is as the natural one. Data of historical inflow discharge which is used is inflow discharge from May to June regarding to the activity of synthetic rainfall. Table 9 presents the analysis of historical/actual direct flow volume for the period of 9 th May-4 th June (1991 June ( -2011 . Source: own study.
The result above will be compared with direct flow volume when the activity of synthetic rainfall such as on 9
th May-4 th June 2013. Analysis of actual direct flow volume can be seen as in Table 10 . Historical inflow discharge is used for finding the mean volume of direct flow. Then, the value will be compared with the mean volume of direct flow when there is the activity of synthetic rainfall on 2013. The difference between both of them is as the success grade of the synthetic rainfall. Table 11 presents the minimum inflow historical discharge in Sutami reservoir in 1991-2011.
Based on the result as above, it shows that the minimum discharge is 23.40 m 
